Background: Shear wave elastography is an ultrasound applied technique used to measure tissue stiffness as a result of a disease. So, it can be used to evaluate liver stiffness as a result of liver cirrhosis and could correlate it with esophageal varices. The purpose of this study was to evaluate the efficiency of shear wave elastography for assessment of liver stiffness and predicting the presence of gastro-esophageal varices in patients with liver cirrhosis. Results: Ultrasound liver changes were seen in 100% of the included patients. Color Doppler revealed portosystemic collaterals in 20% patients. Shear wave elastography could differentiate cases from control with cutoff value of 13.1 kPa. There was a significant correlation between shear wave elastography and ultrasound changes in cirrhotic patients. Endoscopy found more number of esophageal (44%) and gastric varices (10%) as liver stiffness increase. Gastro-esophageal varices are detected in 32 (53.33%) cirrhotic patients. Shear wave elastography could predict presence of gastro-esophageal varices in cirrhotic patients with a cutoff value of 26.5 kPa and sensitivity of 88% and specificity of 85%. Conclusion: Shear wave elastography is an important non-invasive radiological method for assessment of liver stiffness and prediction of the presence of gastro-esophageal varices in cirrhotic patients.
Background
Chronic hepatitis C virus is endemic in Egypt, with high morbidity and mortality rate from cirrhosis and its complications [1] [2] [3] .
Early detection of cirrhosis by detection of fibrosis is a key element to manage treatment, monitor disease progression, assess response to therapy, and determine prognosis in chronic hepatitis C patients. Biopsy and histopathological assessment remains the standard of reference to evaluate liver fibrosis. However, this procedure is painful and has many complications as hemorrhage (0.3%) or death (0.01%). Also, biopsy analysis depends on the size of the biopsy sample, the site of sampling, and the experience of the pathologist [4, 5] .
Liver cirrhosis is known to lead to portal hypertension and metabolic hepatic failure. The number of cirrhotic patients has been observed to be growing, along with the increased incidence of hepatitis C virus infections and increased detection of nonalcoholic fatty liver disease and nonalcoholic steatohepatitis [6, 7] .
The most serious consequences of chronic liver disease is portal hypertension and results to progressive liver fibrogenesis. It can lead to the development of ascites, gastro-esophageal varices, and encephalopathy. It causes a significant increase in mortality [8] .
Development of gastro-esophageal varices is one of the major complications of portal hypertension; it occurs in approximately 30-70% of patients with cirrhosis and is correlated with the severity of liver disease [9, 10] .
Considering that the mortality rate of variceal bleeding remains high, screening endoscopy for gastro-esophageal varices is recommended for all patients with established cirrhosis. Esophagogastroduodenoscopy (EGD) is the golden accurate diagnostic procedure to predict varices, and therapeutic intervention can be made at the same time. Moreover, EGD is an accurate procedure that can detect other risk stigmata for variceal bleeding such as a red color sign and the size of the varices [11, 12] . Unfortunately, endoscopy is expensive, invasive, and uncomfortable and frequently requires sedation. Therefore, there is a clinical need for a non-invasive and sensitive method to assess gastro-esophageal varices, particularly high-risk varices [13] .
A new technique developed recently is shear wave elastography (SWE); this technique is based on shear waves that has been implemented in diagnostic ultrasound (US) systems. Like transient elastography, SWE estimates the speed of shear waves to provide a quantitative estimate of tissue stiffness. However, transient elastography has limitations and a failure rate approaching up to 19% [14] . But SWE has the advantage of being able to image liver tissue stiffness in real time because the shear waves are generated by US impulses. Moreover, SWE imaging is guided using B-mode images with a higher frame rate. This method can provide more accurate assessment of liver tissue stiffness due to the advantages of SWE and B-mode image guidance [15] .
The aim of this study is to evaluate the use of SWE in predicting gastro-esophageal varices by measuring liver stiffness and comparing it with endoscopic examination.
Methods
This prospective study was conducted in Sohag University Hospital, Faculty of Medicine, Sohag University, during the period from July 2016 to December 2018.
The study included 60 cirrhotic patients and 20 healthy volunteers, aged > 18 years, who accepted participation in this study. Exclusion criteria included presence of hepatic encephalopathy grade 3 or grade 4, left-sided portal hypertension (this entity is due to pancreatic disease with normal liver), presence of a contraindication to perform upper gastrointestinal endoscopy (EGD), or presence of hepatocellular carcinoma. Patients with advanced cardiac, renal, or pulmonary disease were also excluded. Diagnosis of liver cirrhosis was based upon clinical evaluation, liver function tests, abdominal ultrasonography, and hepatitis markers or PCR. All volunteers were healthy and free from any disease affecting the liver. All patients and control volunteers were subjected to abdominal ultrasound examination, Doppler examination, and real-time Shear wave elastography using (Toshiba Aplio 500) at our Radiology Department. All cirrhotic patients were subjected to EGD at the endoscopy unit of the Internal Medicine Department.
The current study was approved by the Institutional Committee in our University Faculty of Medicine. Written informed consent was obtained from all patients and volunteers.
Shear wave elastography (SWE)
The patient is placed in a supine position with the right arm placed in maximum abduction to enlarge the space between the ribs. The convex probe is placed between the ribs, using the best acoustic window available for liver evaluation. The SWE box has to be placed in a uniform zone, away from the sub-capsular region to avoid reverberation artifacts that are often found beneath the capsule (Fig. 1) . Similarly, perivascular areas were avoided because they may alter liver stiffness estimate. The patient has to hold breath in the expiration phase to acquire a stable image. The color map is not dependable to assess liver stiffness because it is operator dependent and not quantitative. So, we depended on liver stiffness measurement in kPa.
The elastography acquisition was repeated three to five times for each patient. For each acquisition, real-time SWE 2D color map of the stiffness (in kPa) was frozen after a stabilization of at least 3 s. The size of the SWE color box was about 3 × 4 cm. The measurements were performed in a 1.6-to 3-cm-diameter region of interest (ROI) (Fig. 2) . For each patient, stiffness was defined as the median of several SWE successful measurements.
Upper gastrointestinal endoscopy (EGD) protocol
Upper GIT endoscopy (EGD) was performed after overnight fasting under conscious sedation and nasal oxygen using EG-2985 scope, Pentax, Tokyo, Japan. Patients were placed in the left lateral position, and the endoscope was inserted into the esophagus and passed to the stomach down to the second part of the duodenum.
Endoscopic findings of esophageal varices (EV) and gastric varices (GV) were classified according to the criteria proposed by the Japanese Society for Portal Hypertension [16] . The form (F) of GV or EV was classified as straight small-calibered varices (F1); moderately enlarged, beady varices (F2); or markedly enlarged, nodular, or tumor-shaped varices (F3). According to location, EV were classified as varices at the lower 1/3 of the esophagus (Li), at the middle 1/3 of the esophagus (Lm), or at the upper 1/3 of the esophagus (Ls). According to location, GV were classified as adjacent to the cardiac orifice (Lg-c), distant from the cardiac orifice (Lg-f ), or extending from the cardiac orifice to the fornix (Lg-cf ). Varices were also classified according to its bluish (Cb) or whitish (Cw) color and if the varices were associated with red color sign (RC) or not. All endoscopic procedures were performed by a single operator with 10 years of experience in endoscopic management of gastro-esophageal varices. Endoscopic management of the detected varices was performed according to guideline recommendations.
Statistical analysis
The analysis of data was made using SPSS version 16. Continuous data were expressed. Quantitative data was represented as mean, standard deviation, median, and range. P value was considered significant if it was less than 0.05.
Results

Clinical characteristic of the patients:
The study involved 60 cirrhotic patients. Male patients were 80%. Age range was 23 to 73 years. The healthy control volunteers included 20 persons with 75% being male and age range from 21 to 63 years. The etiology of liver cirrhosis was HBV in 5 (8.33%) patients and HCV in 80% patients. The remaining patients were negative for HCV and HBV. Child Pugh score and other base line clinical and laboratory data of the cirrhotic patients were shown in Table 1 . By abdominal ultrasound, a shrunken liver was seen in 18 patients (30%) while other patients had minimal to moderate changes. Portal vein diameter was dilated in about 75% of cases (12-17 mm) with decreased peak systolic velocity. As regards the spleen, splenomegaly was seen in over 76% of cases, most of them were moderate splenomegaly, and about 10% show mild splenomegaly with no case having huge splenomegaly. Ascites was present in 45 cirrhotic patients. Porto-systemic collaterals were found in 12 patients by color Doppler.
Endoscopic findings
Upper GIT endoscopy showed presence of gastroesophageal varices in 32 cirrhotic patients. Esophageal varices were detected in 26 patients, and 6 patients showed presence of gastric varices. The form of EV was F1 in 10 patients, F2 in 6 patients, and F3 in the remaining 10 patients. No EV could be detected in 28 cirrhotic patients. The form of GV was F1 in 2 patients, F2 in 1 patient, and F3 in 3 patients. EV with high-risk stigmata received endoscopic variceal ligation, while large-sized GV (F3) underwent cyanoacrylat injection.
Real-time shear wave elastography findings
By analyzing the shear wave elastography findings in cases and comparing it with those of the control group (Fig. 3) , we found that SWE was significantly higher among cases compared to controls (Table 2) with a cutoff value of 13.1 kPa and sensitivity and specificity of 100%.
Shear wave elastography shows increased liver stiffness in cirrhotic patients (13.1-58 kPa) (Figs. 4, 5, 6 , 7, and 8). SWE could also differentiate between cirrhotic patients with gastro-esophageal varices and patients without gastro-esophageal varices with a cutoff value of 26.5 kPa and sensitivity of 88% and specificity of 85%. SWE also found that as liver stiffness increase, the more is the increase in the size of the varices (47.3-49.5 kPa in F3), Tables 3 and 4) .
Discussion
Liver cirrhosis is a major health problem in Egypt, especially in Sohag Governorate. So, detection of the sequelae of this disease, namely fibrosis and varices, are very important to decrease the morbidity and mortality of this disease entity [1, 2, 17, 18] . Non-invasive methods are used to detect fibrosis such as transient elastography but it was not so accurate and has limitations in obesity and ascites. By now, real-time shear wave elastography was used to detect the degree of liver stiffness due to fibrosis which is resulted from liver injury by virus. So, there is a decrease in the need for an invasive method such as liver biopsy [19] . As far as the hepatic fibrosis is increased, portal hypertension is increased, and so, esophageal and gastric varices resulted.
Esophageal and gastric varices are serious complications of liver cirrhosis and may lead to increase mortality rate. Upper GIT endoscopy is the golden standard method for diagnosis of EV and GV. Endoscopic screening for all patients with liver cirrhosis at the time of their diagnosis is recommended, and periodic endoscopic examination of the patients with EV is also recommended [20] . EGD can be considered an invasive and uncomfortable procedure which may not be acceptable by some patients. Moreover, routine endoscopy screening could not be cost-effective [21] . Therefore, predicting the presence of gastroesophageal varices through non-endoscopic and noninvasive procedures is an important issue to identify the cirrhotic patients who benefit from endoscopic screening and to reduce unnecessary endoscopic procedures [22] .
So, measurement of liver stiffness can detect portal hypertension and may predict esophageal varices. Our study was carried out to measure liver stiffness and 
compare it with endoscopic findings to predict esophageal and gastric varices. Our study included 60 patients with liver cirrhosis and 20 normal controls. The majority of the patients were males. Mohamed RE et al. [19] examined 60 patients with elastography, 38 of them were males. Real-time shear wave elastography were done to all patients and control. Mean liver stiffness was high in patients in comparison to controls (28 and 3 kPa, respectively). This difference was also found in literatures. Mohamed et al. [19] found liver stiffness is high in patients with highgrade fibrosis (12.6 kPa) than in controls (3.1 kPa).
There was a significant correlation between abnormal laboratory data and increase liver stiffness in our study. There was also a significant correlation between degree of splenomegaly and degree of liver stiffness at real-time shear wave elastography. As the liver stiffness increased, there was an increase in the size of the spleen. As the spleen size increased, there was more chance to find varices [23] . Moderate splenomegaly was found in our study in 26% of patients. Tag-Aden et al. [24] found that spleen size over 15 cm is a complementary predictor of varices.
In patients without varices, the liver stiffness range was 15-25 kPa. Hashim et al. [25] reported liver stiffness in the range of 14-36.1 kPa in cirrhotic patients without EV. As the liver becomes more stiff and cirrhotic, there is an increase of portal hypertension and a detection of esophageal and gastric varices by endoscopy. Liver stiffness at real-time shear wave elastography was above 25 kPa in patients with varices. Endoscopy detects different grades of varices from early to advanced varices, even varices with risk of bleeding. There was a marked increase in liver stiffness in those patients with large and risky varices. Many previous studies [26] [27] [28] are going with our study and tested the use of non-invasive methods to predict gastro-esophageal varices including spleen size, platelet count, platelet count/spleen diameter ratio, transient elastography, and shear wave elastography of the liver. These studies recommended the use of shear wave elastography as a good predictor for gastro-esophageal varices to avoid the frequent endoscopic evaluation. However, there were differences in the number of kilopascal in cirrhotic patients with esophageal varices in our study as compared with these previous studies. In our results, SWE range was 26-58 kPa by Toshiba, Aplio machine. Kim et al. [27] [29] . Our study has some limitations: firstly, the small number of included patients and lack of follow-up to detect progression of liver stiffness in cirrhotic patients; secondly, the lack of comparison with other non-invasive radiological methods for assessment of liver stiffness like fibroscan; and, lastly, the lack of assessment of the role of SWE as a predictor of morbidity and mortality in patients with liver cirrhosis. This work is in need for further extension and research on a larger scale. However, our study is the first study in our locality that refers and highlights the importance of use of real-time SWE as a non-invasive method for the assessment of liver stiffness and to predict the presence of gastro-esophageal varices in cirrhotic patients.
Conclusion
Real-time shear wave elastography is an important noninvasive method to assess liver fibrosis and to predict the presence of gastro-esophageal varices in cirrhotic patients. Further larger studies are required to clarify the potential role of SWE in management of liver cirrhosis and its complications. 
